. Extraction and characterization of gelatin from Lates niloticus and potential industrial applications. . This research aims to extract and characterize gelatin from Lates niloticus (Nile perch) scales, then blend it with polyvinyl alcohol (PVA). Hydrolysis of the scales was done using a crude alkaline protease harvested from a bacterium, Bacillus cereus strain wwcp 1, obtained from Lake Bogoria. The lyophilized solution yielded 16.3% of gelatin powder calculated from the dry weight of the scales. The sample was characterized using infrared spectroscopy and showed peaks at 3442 cm -1 , 1653 cm -1 and ~ 1590 cm -1 corresponding to Amide A, Amide I and Amide II bands respectively. The amino acid analysis shows that glycine was the most abundant amino acid (21.7%), followed by proline (14.6%) and alanine (11.8%). Isoleucine, Histidine, and Tyrosine were the least abundant (1.8, 1.4 and 0.9% respectively). Polyvinyl alcohol-gelatin blend films of various compositions ranging from 10% to 90% PVA were prepared by solution casting method. Differential Scanning Calorimetry (DSC) and Thermo-gravimetric Analysis (TGA) tests showed the films had glass transition, melting and thermal decomposition onset temperatures intermediate between those of the respective individual polymers ( PVA and gelatin). The thermal stability of the films reduced with the increase in the amount of the less thermally stable constituent. Lastly, potential applications of the prepared blend films were investigated. Batch experiments to assess the potential of the polymer blend films as an adsorbent material was done using Methylene Blue dye. The films were found to adsorb up to 64% of the dye and the percentage of dye removal varied with the initial concentration of the dye and contact time.
INTRODUCTION
Gelatin is a mixture of protein and peptides mainly derived from collagen. Collagen can be found in the skin, bones, cartilage, etc., and it is also the most copious structural protein in animals. In human, collagen makes up a third of the total protein in the human body and also makes up 75% of the total weight of human dry skin (Shoulders and Raines 2009) . When collagen is treated with partial hydrolysis, gelatin will be generated. This also explains why gelatin is a water-soluble polypeptide. This characteristic makes gelatin as one of the most used material in the food and pharmaceuticals industries. Depending on its utilization, gelatin can be produced in four grades, i.e., edible, pharmaceutical, photographic, and industrial (Tavakolipour 2011) . In the form of an industrial grade, gelatin is widely used by food industries to perform texturization, gelling, stabilization and water binding. While in the pharmaceuticals industries, gelatin is frequently utilized to produce capsules, tablets, suppositories and blood plasma substitutes (Nik Aisyah et al. 2014) .
Conventionally, gelatin is produced from mammalian sources. Study of total production output of gelatin found that Bovine and Porcine skins contribute to 46% of the total amount, Bones and Hooves contribute to 23% and 29% respectively, and only 1% is generated from marine sources (Karim and Bhat 2009; Wang et al. 2010) . It is also found that during the production of gelatin, destruction of the secondary structure of the parent collagen and some aspects of primary and tertiary structures are inevitable. The production process normally consists of two stages, i.e., pretreatment step and the main extraction step. In the pretreatment step, the raw materials are prepared for the extraction in either one of the acid pretreatment method or alkali pretreatment method, which is to be selected based on the source of the raw materials and the intended purposes of production of the gelatin.
To produce gelatin from connective tissue that exhibits highly interconnected structure such as that of the cattle, alkaline pretreatment is preferred over acid treatment. The process of alkaline treatment is applied for up to twenty weeks (Karayannakidis and Zotos 2014) . Acid pretreatment is preferred for materials such as pig skin and is usually performed for shorter periods due to a lower degree of collagen cross-linkage. The next stage in the extraction process involves neutralization of the pretreated material to neutral pH before gelatin is extracted using hot water.
The fish processing industry currently generates solid wastes that can be as high as 75% of the total weight of the catch. The wastes include scales, guts, heads, skins, and bones, and are usually used to produce low-value goods such as fishmeal or are dumped in landfills or water bodies posing potential environmental harm. The dry mass of fish is largely composed of protein, and therefore the fish processing by-products are candidates for alternative sources of high-value protein ingredients such as food grade gelatin (Karayannakidis and Zotos 2014) .
Fish collagen possesses several intrinsic bioactive properties which are beneficial for skin's health. It can stimulate skin collagen production and has antiinflammatory, anti-wrinkle as well as UV damage repair activity. The collagen has also been widely utilized in the pharmaceuticals industry to produce wound dressings, drug delivery vehicles, and vitreous implants. Fish collagen, however, has low thermal stability when compared to the mammalian counterpart, and this poses a major problem for biomedical applications. The variation in thermal stability between mammalian and fish collagen is attributed to their amino acid content and distribution of molecular weights (Johnston-Banks 1990).
Amino acids have a key role in stabilizing the collagen helix structure. The amino acids content in mammalian collagen is higher than that in fish collagen. Many reports indicated that collagen from cold water fish contains fewer amino acids than collagen form warm water fish. Hence, gelatin derived from mammalian sources and warm water fish have a higher melting point than gelatin derived from cold water fish (Singh et al. 2011) . To produce stable scaffolds for biomedical applications, it is therefore essential to stabilize fish collagen either physically or microbiologically.
There are many fish processing plants in the country where fish filleting (both marine and freshwater fish) is done, both for domestic use and for export to European Union and other markets. Fish scales, a byproduct of that processing, is largely not commercially utilized in Kenya. Furthermore, the establishment of an economic stimulus package by the government involving the establishment of fish ponds in all Counties in Kenya has increased production and consumption of fish that is expected to lead to more scales produced. This project is aimed at the utilization of fish scales waste generated during fish processing to extract gelatin that was subsequently characterized and the investigation of potential applications.
The scales utilized were from Lates niloticus, commonly known as the Nile perch. This is a large fresh water fish species found extensively in Lake Victoria, East Africa that is able to grow up to 200 kg and two meters in length and thus a large number of scales and other byproducts can be obtained from its processing.
The objectives of this research were (i): to extract gelatin from Lates niloticus scales using a crude alkaline protease from Bacillus cereus strain wwcp 1. (ii) to determine the amino acid composition of gelatin. (iii) to prepare polymer blends containing gelatin and characterize them using FTIR, DSC, and TGA. (iv) to investigate potential industrial applications.
MATERIALS AND METHODS

Materials
Fresh Nile Perch (Lates niloticus) skin with intact scales was purchased from local market in Nairobi, contained in a sealed plastic bag, and transported to the laboratory. Skins more than 1 kg were selected and stored at -20°C upon arrival if not processed immediately. The process of scaling starts with thawing frozen skin at ambient temperature for two hours, washed, and rinsed thoroughly with warm water to help remove any grease from the surface.
Following dry up, the skin was scaled on the bench by using a knife, and the residual meat or lipids were rinsed entirely under running tap water. The scales were air-dry at ambient condition, divided into an airtight plastic bag with its dry weight information attached.
Enzyme preparation
Preparation of the crude alkaline protease refers to the method as described elsewhere (Wanyonyi et al. 2014) . Briefly, a culture medium containing 0.5% casein and 0.25% glucose was prepared at 200 ml each in a 500 mL conical flasks to allow aeration. The medium was then autoclaved at 121ºC (15 lb) for 15 min, and allowed to cool to room temperature before inoculation. Five percent of overnight-cultured Bacillus cereus strain wwcp1 was inoculated into the fresh medium and incubated at rotary shaker (140 rpm) for 72 hours at 45°C. Following incubation, the medium was then centrifuged at 5000 rpm for 15 min to collect the supernatant that contained the crude enzyme.
Gelatin extraction
The optimum pH for gelatin extraction referred to the method established by Wanyonyi et al. (2014) . First, the supernatant that contains the crude enzyme was adjusted to pH 11 by using pH meter and sodium hydroxide in a glass beaker. The supernatant was then poured over 1 kg of dry scales ensuring that all parts are submerged. Hydrolysis was performed in the oven at 50°C. Every twelve hours, the pH of the solution was checked and restored to the optimum value. To ensure homogeneity of the process, the sample was stirred regularly.
Once the scales were completely hydrolyzed, the sample was removed from the oven and cooled down at ambient temperature. To obtain gelatin powder, gelatin solution (the liquid part) was separated by decantation and lyophilized. The yield was determined by the percentage of total weight of dry gelatin powder per total weight of dry scales.
Infrared spectroscopy
Infra-red spectroscopic analysis of the sample was performed as outlined by Muyonga et al. (2004) with minor alterations. A 200 mg KBr disc containing 2-6 mg of the sample disc was prepared and used to obtain the spectrum. The analysis was performed on a Thermo Electron Corporation Nicolet 380 FTIR spectrometer.
Determination of amino acid composition
Amino acid analysis of Nile perch scale gelatin was performed using a narrow bore, (2.1 x 200 mm), (Hypersil AA-ODS), 5 µm reverse phase column purchased from Thermo Electron (part # 30105-202130) . Samples were weighed and placed into a 13 x 100 mm Pyrex tube along with 1ml N HCl and 11 µmoles of Internal Standards (Norvaline and Sarcosine). After adding the Internal Standards, the samples along with controls and blanks were exposed to liquid-phase 6N HCl for 22 hours at 100°C. Amino acids were separated on an Agilent 1260 with column heater, automatic injection programming UV, and fluorescence detection.
Five µL of the hydrolysate was dried down and resuspended in 250 µL of 0.4 M Borate buffer. One µL was injected. The G1367E autosampler was used to perform pre-column derivatization and multiple sample handling. The derivatized amino acids were then eluted from the reverse phase column.
Primary amino acids (tagged with OPA, Agilent #5061-3335) and secondary amino acids (tagged with FMOC, Agilent 5061-3337) were detected by the Variable Wavelength (UV) detector (G1365D) at 338/390 nm and 266/324 nm, respectively. The fluorometric detector (G1321B) was used to monitor the primaries at excitation/emission 340/450 and the secondaries at 266/305. The assay was calibrated by a standard (Agilent 5061-3331) which was subjected to the same treatment as the samples and control, including hydrolysis. The assay was controlled by a known protein, Human Serum Albumin. An aliquot from the same batch of HSA was run with every assay.
Preparation of polymer blends and films
The polymer blends were prepared in 90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80 and 10/90 PVA/gelatin proportions. The appropriate weights of PVA purchased from Merck (MW 60,000 and a degree of hydrolysis of 98%) were weighed out into separate 100 ml conical flasks and added with 30 ml distilled water at 95°C. This solution was swirled in a 90°C water bath to dissolve the PVA completely. The resulting solutions were labeled A.
Corresponding weights of gelatin were weighed into flasks and added with 10 ml of distilled water. The mixture was transferred to a water bath at 50°C and vigorously stirred for 15 minutes to ensure complete dissolution. The resulting gelatin solutions were then labeled solution B. Solutions B were poured into the appropriate solutions A to obtain film-forming solutions (FFS) with the predetermined PVA/gelatin ratios. The film-forming solutions were homogenized with magnetic stirring at room temperature for 30 minutes to ensure complete mixing.
In an attempt to create films with the same thickness, the same amount of FFS was then cast separately onto glass petri dishes and subsequently placed in a chamber with air renewal circulation then left to dry at room temperature. When the films have completely dried, it was peeled off from the petri dishes and sent for further analysis.
Differential scanning calorimetry
Differential scanning calorimetry data were recorded for pure gelatin, PVA/ gelatin blends, and pure PVA. The tests were performed on a DSC Q100 V9.9 Build 303 (Universal V4.5A TA Instruments), with 1 to 9 mg samples sealed in aluminum pans. Thermal data (I and II heating scans) were recorded over a particular temperature ranging from -50 to 250°C.
Thermogravimetric analysis
Thermogravimetric analysis of pure gelatin, pure PVA, and the PVA/gelatin blends was performed on a TGA Q500 V20.13 Build 39 (Universal V4.5A TA Instruments) machine. The temperature was set between 0 to 200°C with sample sizes ranging from 9 to 27 mg. The onset decomposition temperature and weight loss profiles were obtained.
Dye adsorption experiments
Methylene blue dye (MB, C16H18N3ClS) with a molecular weight of 319.85 and λmax at 664 nm purchased from RANBAXY Fine Chemicals in Nairobi, Kenya was used without any refinement. Batch experiments were performed in 100 ml conical flasks, at 25°C. Films prepared from 60/40 PVA/gelatin (w/w) blend were chosen for examination of the adsorption properties.
Calibration curve
Stock of methylene blue solution (4.0 X 10 -5 M) were diluted to obtain concentration 2.5 x 10 -5 , 2.0 x10 -5 , 1.25 x 10 -5 , 1.0 x 10 -5 and 0.75 x 10 -5 M. Thirty ml portions of each concentration was measured out into separate 100 ml conical flasks. Samples were then picked from each flask, and the absorbance was measured on a UV-Vis spectrophotometer (Shimadzu UV mini 1240) at 664 nm. The calibration curve was created by plotting absorbance against concentration.
Effect of adsorbent concentration
The variation of equilibrium uptake of methylene blue with adsorbent concentration was determined in 100 ml conical flasks on an orbital shaker at room temperature. Varying weights (0.25, 0.50, 0.75 and 1 g) of the film were measured and placed in four separate flasks. Thirty ml of 0.000025 M methylene blue was then added to each flask. Samples were then collected from each flask at regular intervals, and residual MB concentration determined using a UV-Vis spectrophotometer (Shimadzu UV mini 1240) at a wavelength of 664 nm.
Effect of initial dye concentration
The variation of equilibrium uptake of methylene blue with various adsorbent concentration was determined in 100 ml conical flasks on an orbital shaker at room temperature. Films weighing 0.25, 0.50, 0.75 and 1 g were measured, placed into four separated flasks, and supplemented with 30 ml of 0.000025 M methylene blue. Samples were then collected from each flask at regular intervals, and the residual MB concentration was determined using a UV-Vis spectrophotometer (Shimadzu UV mini 1240) at a wavelength of 664 nm.
RESULTS AND DISCUSSION
Gelatin yield
In this study, the freeze-drying procedure of gelatin solution yielded 16.3% of dry gelatin (Figure 1 ). This amount is comparable to the previously reported gelatin yield obtained from the scales of sea brass (Dicentrarchus labrax) using acetic acid (DinçEr et al. 2015) . Another group has successfully produced 48.1% gelatin from the scales of cultured carp by employing alkaline protease method. However, the scales were grounded into a fine paste, thus increasing the surface area for enzymatic reaction and proportionally resulted in higher yield (Jiang 2013) .
The long extraction process that took approximately 13 days might contribute to the lower yield of dry gelatin from Nile Perch, possibly because a significant amount of collagenous materials could have lost during this period. Moreover, since gelatin derived from collagen and the collagen content differ from the raw materials used, the expected yield obtained between species may vary. This might explain the differences in yield in three species of fishes that have been examined above.
The extractability of gelatin from different tissues is determined by type and quantity of cross-links in collagens from various tissues (Muyonga et al. 2004) . It is therefore expected that the yields of gelatin extracted from different tissues will vary. The yield of gelatin obtained in this study (16.3%), is higher than that isolated from the head of Mackerel (Scomber scombrus) by using different organic acids with an average yield of 3.5 % (Khiari et al. 2011) . It is also different from that reported from skin extraction of farmed Amur sturgeon (19.6%), catfish (Clarias batrachus) at 27.79%, snakehead (Channa striatus) at 16.57%, red tilapia (Oreochromis niloticus) at 11.75%, pangasius catfish (Pangasius sutchi) at 10.78%, bigeye snapper (Priacanthus macracanthus) at 6.5% and brownstripe red snapper (Lutjanus vitta) at 9.4% (Jongjareonrak et al. 2006; Nikoo et al. 2011; See et al. 2010) . The yield in this study also differed from that reported for skin extraction from farmed Amur sturgeon at 19.6%, catfish (Clarias batrachus) 27.79%, snakehead (Channa striatus) 16.57%, red tilapia (Oreochromis niloticus) 11.75%, pangasius catfish (Pangasius sutchi) 10.78%, bigeye snapper (Priacanthus macracanthus) 6.5% and brownstripe red snapper (Lutjanus vitta) at 9.4% (Jongjareonrak et al. 2006; See et al. 2010; Nikoo et al. 2011 ).
IR analysis
The IR spectra of the gelatin obtained from Nile Perch scales shows about nine characteristics of IR absorption bands which can be observed from the IR spectrum ( Figure  2) . These are the amide A, B, and I as can be seen through VII bands. The amide I band is very sensitive and is the most frequently used to study secondary protein configuration. The amide I peak occurs at 1653 cm -1 which correspond to a combination of a C=O stretching vibration of the amide group and N-H bending and usually occurs at 1600 cm -1 to 1700 cm -1 (Ahmad and Benjakul 2011; Nikoo et al. 2011 ). Amide II is primarily due to in-plane NH bending, and CN stretching vibration and reveals less protein conformation than amide I. Other bands are rarely used in protein conformational studies (Nikoo et al. 2011) .
The amide I peak absorption of 1653 cm -1 falls within the expected range of 1650 to 1660 cm -1 . This value is slightly higher than absorption 1630 to 1640 cm -1 observed in other studies (Muyonga et al. 2004a; Nikoo et al. 2011) . The higher frequency of the amide I band suggests a higher degree of disruption of intermolecular bonding when gelatin extraction is done at elevated temperatures and for more extended periods (Kittiphattanabawon et al. 2012; Nikoo et al. 2011) as was the case in this study. The amide A in this study is the wide peak occurring at 3442 cm -1 . This peak corresponds to NH stretching coupled with hydrogen bonding. Hydrogen bonding between OH groups of the amino acids in gelatin is responsible for the width (Muyonga et al. 2004b) .
As shown in Figure 2 , it is evident that the Amide II and Amide III bands arose at 1590 cm -1 and 1230 cm -1 respectively, consistent with observations of Ahmad and Benjakul (2011) . The low intensity of Amide III might be caused by weak molecular interaction in gelatins extracted under high-temperature conditions (Muyonga et al. 2004 ).
Amino acid analysis
The amino acid composition of gelatin obtained from the Nile Perch is presented in Table 1 . Among 16 amino acids examined in this study, glycine content was found to be the highest (21.7%), followed by proline (14.6%). Gelatin consist of repeating Gly-X-Y motifs that correspond to glycine, proline, and hydroxyproline respectively. Hence, these amino acids are the most abundant in any gelatin, irrespective of the source. Chicken skin, for instance, comprised of 33.7% of glycine and 13.42% of proline, dominating the other types of amino acid present in the skin (Sarbon et al. 2013 ). Tavakolipour (2011) also reported that gelatin from silver carp fish waste (skins and fins) contains glycine and proline that made up one-third of all amino acid residues at 31.7% and 12.4% respectively. The proline content of Nile Perch scale gelatin observed in this study is lower than that of bovine gelatin and porcine gelatin, yet, higher than that seen for Pollock (10.09%) and Salmon (10.79%) skin gelatins (Avena-Bustillos et al. 2006) . Gelatin from animals that inhabit low-temperature habitats has lower amino acid content than those from animals inhabiting high-temperature habitat. Consequently, fish gelatins have lower amino acid concentration than mammalian gelatin. Furthermore, warm water fish tends to have a higher level of amino acids as compared to cold water fish. In this regard, it can be easily understood that Pollock and Salmon, which classified as cold water fishes, has a lower concentration of total amino acids. Proline together with hydroxyproline makes up the amino acid complex, which is of particular importance in determining the gel properties of particular gelatin by stabilizing the gel network by hydrogen bonding. The higher the amino acid content is, the better the properties they could make (Gomez-Guillen et al. 2002; Nikoo et al. 2011 ).
Alanine was another major amino acid found to be the third highest in its content (11.8%) after glycine and proline (Table 1) . Alanine occupies the non-polar regions in which gly-pro-y sequences are predominant, with the third positions coupled with either hydroxyproline or alanine. Methionine and Threonine were substantially low. The lowest amino acids in composition were tyrosine (0.9%), histidine (1.4%) and isoleucine (1.8%) while tryptophan and cysteine were completely absent. All of these are inherent properties of gelatin (Mahmoodani et al. 2014) . The results of the amino acid analysis were further confirmed in the chromatograms in Figure 3a and 5b. The height of the peak corresponds to the amount of amino acid.
These findings are similar to the earlier study that reported the absence of tryptophan and cysteine from the list of amino acid analyzed from fish skin gelatin (Karim and Bhat 2009 ). Nevertheless, another group has also demonstrated that the content of glycine (19.3%) and proline (13,.4%) account for the most abundant type of amino acid in bigeye snapper skins, as was the case in this study (Jongjareonrak et al. 2006) . This is also true for the amino acid profile isolated from lizard fish scale that yielded three major amino acids, glycine (18.3%), proline (16.5%), and alanine (12.4%). Similarly, threonine and histidine were the least abundant amino acids weighing 0.9% and 1.52% respectively (Wangtueai and Noomhorm 2009) . One plausible explanation for this similar amino acid profile is the fact that both Nile Perch and lizard fish are originated from warm water habitat.
Amide II Amide I Although amino acid composition might be tissuedependent, to some extent, two different tissue within one species may display similar profile of amino acids. For example, analysis of gelatin from sea bream bones and scales suggested that chemical composition of type I collagen is conserved across tissues (Akagündüz et al. 2014) . This finding could be used to explain the similarity in the amino acid profiles of Nile Perch bone gelatin (Muyonga et al. 2004a) , and that of Nile Perch scales reported in this study. The slight variations could be attributable to the different extraction methods (Amiza et al. 2015) . Muyonga et al. (2004a) employed an acid pretreatment before extraction, while in the present study, an enzymatic extraction was used instead. Figure 4 shows PVA/gelatin blend solutions in the process of drying for four days in a petri dish. Once completely dry, PVA/gelatin films of various compositions were peeled off the glass petri dishes. Figure 5 below shows the 60/40 PVA/gelatin films being peeled off. All films were able to be peeled off except for PVA/gelatin ratios 10/90. In general, films made from proteins are delicate, and therefore plasticizers are often added, to lower the protein-protein chain interactions stabilizing the film's network, increasing the mobility of protein molecule (Peesan et al. 2005; Vanin et al. 2005) . In this study, however, no plasticizer was used. Consequently, after complete drying of the films, blend films with the highest gelatin content tend to be brittle and difficult to peel off. Gelatin is known to exhibit strong hydrophilic character and is highly soluble in water. Therefore, it has poor mechanical properties such as tensile strength in damp environments (Yu et al. 2006) . The low tensile strength of gelatin explains the ineffectiveness of moisturizing, to allow peeling off of the 10/90 blends, unlike other blends containing lower gelatin content.
Blend films preparation
Thermal analysis of the polymer blends
DSC Analysis
DSC analysis of pure gelatin and pure PVA DSC thermogram obtained from the analysis of pure gelatin from Nile Perch scales is shown in Figure 6 .
The thermogram shows no endothermic peak except for an inflection which corresponds to the glass transition temperature (Tg) at approximately 157°C. The high glass transition temperature suggests a low degree of crystallinity. As a polymer gets more amorphous, its chains become more entangled, thus increasing the amount of energy required to disentangle them during glass transition, raising the temperature of the glass transition (Elsergany 2014) . The Tg of gelatin in this study exhibits a higher value than that observed by Gao et al. (2014) and Silva et al. (2008) who reported values of 121.9°C and 57.5°C respectively. Pawde et al. (2008) reported a much higher value of 220°C to 230°C. Tg is a kinetic event. Thus the same substance may have different Tg 's as reported in the literature depending on the manufacturing conditions (Elsergany 2014) . As shown in Figure 7 , Tg and Tm values of 84.9°C and 190.8°C were obtained for pure PVA.
The endothermic peak indicates semicrystalline properties when with a heat of fusion reaches 29.7 J/kg. Semicrystalline systems typically display a peak after Tg transition (Silva et al. 2008) indicative of the melting of the crystalline domains of the polymer and are absent in case of amorphous polymers. Table 2 summarizes the DSC data obtained for the various compositions of the prepared blends.
DSC analysis of PVA/gelatin blends
Glass transition temperature is used to determine the miscibility of two polymers in the amorphous phase, thereby serve as an essential tool in polymer blend technology. The presence of a single, composition dependent glass transition temperature intermediate between those of individual constituents (Peesan et al. 2005) usually indicates miscibility of polymer blends. Table 2 above represents the DSC data obtained for all the blend films studied. For all films investigated, the Tg falls in between those observed for gelatin and PVA, and therefore miscibility between PVA and gelatin can be determined. A single Tg intermediate between the Tg's of the homopolymers implies a higher degree of miscibility in the amorphous phase (Onyari and Huang 2009) . It can, therefore, be assumed that miscibility is highest in the 90/10 PVA/gelatin blend (Table 2 ).
This study highlights that the Tg of the PVA/Gelatin blends studied lie between 96°C to 98°C for all compositions except 90/10 PVA/gelatin blend film. The relatively constant value of Tg could be due to the restricted mobility of PVA molecules in the amorphous phase due to the presence of gelatin molecules as observed by Peesan et al. (2005) .
The Tg inflections in the DSC curves for all films in this study were followed by significant endothermic peaks as seen in Figure 8 , the DSC thermogram of the 40/60 PVA/gelatin blend.
Melting is a first order transition ahead of glass transition which is in the second order. A first-order transition is one which occurs with changes in both heat capacity and enthalpy while a second order occurs with a change solely in the heat capacity (Chiellini et al. 2001; Zhang and Li 2009 ). This explains the presence and association of the peaks to melting process (melting peak). The apex of the melting peak gives the melting temperature point (Tm) of a polymer, which is the temperature at which the polymer's crystallites lose the highly ordered arrangement in their structure.
Crystalline polymers are characterized by defined melting points, while amorphous polymers are featured with glass transition. The DSC curves of the PVA/gelatin films presented here showed both Tg and Tm values suggesting semi-crystalline properties, concurring with the findings of other studies Silva et al. 2008) . The Tm of the films occurs between 174°C to 207°C for different compositions. In the films with 40, 50 and 90% PVA composition there is a Tm depression (187.6, 188.77 and 173.56°C respectively) from the observed Tm value for pure PVA (190.76°C) . This, as observed by Pawde et al. (2008) , is indicative of strong intermolecular interactions between PVA and gelatin molecules.
The area that falls under the endothermic peak corresponds to the enthalpy value of fusion of the crystalline portion and is qualitatively related to the number of crystallites/degree of crystallinity in a film sample. The larger the area, the larger the number of crystallites and the more crystalline a substance is.
The DSC curves of the films of various compositions are shown in Figure 9 -13. As the gelatin content increases and the PVA reduces, the size of the area under the endothermic peak decreases indicating a decline in the level of crystallinity associated with PVA. Almost no endothermic peak is observed in Figure 9 . This graph represents the thermogram of the film with PVA and gelatin composition 30% and 70% respectively. The higher the gelatin content in a sample, the properties resemble more to that of gelatin.
Gelatin is amorphous while PVA is more crystalline. An increase in gelatin or a decrease in the PVA content in the sample films evidently results in a reduction of the number of crystallites in the blend samples as also observed by Pawde et al. (2008) . Figure 10 displays the DSC thermogram of the film made of the blend of PVA/ gelatin (50/50%). As shown above, the effect of PVA amount was prominent since increasing the amount of PVA will effectively increase the area under the endothermic peak. An increase in the quantity of PVA results in an increase in the number of crystallites and therefore the degree of crystallinity. The phenomena is further illustrated in the thermogram of the film made from the blend with 70% PVA composition in Figure 11 .
Thermogravimetric analysis
Thermogravimetric analysis (TGA) is known as method of thermal analysis used to evaluate the thermal stability and decomposition behavior of polymer samples over time.
A sample is exposed to high temperatures in a controlled environment, and its weight loss profile is plotted against the temperature in the TGA curves. The TGA thermograms of pure PVA and pure gelatin are displayed in Figures 14  and 15 respectively. Figure 14 shows the DSC thermograms for the film of 30/70 PVA/gelatin blend composition. Both curves show two zones of weight loss. The first regions are due to moisture loss and the evaporation of volatile components. The second region is due to pyrolytic reactions/thermal decomposition. The onset temperature for the decomposition of PVA is approximately 260°C. After the onset decomposition temperature, the slope of the curve is very steep indicating a fast decomposition rate. Between 250°C and 400°C, PVA loses most of its weight, remaining with just 20% at around 400°C. The rate slows down and completely levels out about 475°C. As shown in Figure 12 , PVA loses 97.2% of its weight and a char yield of 2.82% between the temperature range of 100°C -700°C.
Previously, Chiellini et al. (2001) reported a difference in temperature of approximately 40°C. In this study, referring to Figure 13 , the degradation of onset temperature was approximately 210°C, which is around 50°C lower than that of PVA. Further analysis also revealed that degradation rate of gelatin is slower than that of PVA. At 400°C, PVA had lost 80%, while gelatin had lost about 65% of its weight. Moreover, the slope of the curve of the gelatin is less steep which explains that gelatin has a char yield of 19.9% and leads to conclude that gelatin thermally decomposes slower and partially as compared to PVA.
Two regions of weight loss can be attributed to evaporation of moisture (in the first region) and pyrolytic reactions (in the second region). The onset temperature for the film occurred at 230°C, an intermediate between the onset temperatures of the individual pure components. Although the curve is not as steep as that of PVA, it is steeper than that of gelatin suggests an intermediate degradation rate. The film had lost 60% of its weight at the onset temperature of 400°C. All these observations display an alteration of individual polymer properties by the introduction of the other polymer component during blending. The properties of the 30/70 PVA/gelatin blend film are more similar to those of gelatin than those of PVA probably due to the higher gelatin content.
The thermal properties of the films are getting similar to that of PVA as the percentage of the PVA in the film increases i.e., the rate of degradation increases and the residue left at 700°C decreases. Figure 15 and 18 display TGA thermograms of the 50/50 and 70/30 PVA/Gelatin blends, which indicate that the thermal stability of the films significantly varies from that of the individual polymers depending on the ratio of each component in the blend. This reduction of thermal stability along with an increase in the less stable component was also reported by Chiellini et al. (2001) .
Dye adsorption
This study also aimed at determining the potential industrial applications of the films. The Methylene blue dye was used to examine the potential use of the films in the adsorption of dyes from aqueous solution. Factors influencing dye adsorption process such as contact time, adsorbent amount, and initial concentration were measured, and the result is given below.
Calibration curve
The calibration graph for the dilute solutions of methylene blue prepared from a stock solution of 4.0 X 10 -5 is displayed in Figure 17 . 
Effect of contact time on adsorption of methylene blue
The contact time between the adsorbent and dye molecules is essential for the determination of efficiency, kinetics, and equilibrium time of adsorption (Shee 2011). From Figure 18 , it is evident that initially the amount of dye adsorbed increased rapidly but decreasing in approaching equilibrium. At equilibrium, the graph completely flattens which indicates little or no adsorption. It can be seen that the adsorption reaches equilibrium after 110 minutes when the percent dye adsorbed is 64%.
The adsorption process can be divided into three regimes based on the duration of dye uptake. The first region shows speedy uptake, which gradually slows down in the second region. Finally, the dye uptake reached a plateau as it enters the third region. This is because that in the first region there is an abundant amount of free surface area available for adsorption. More molecules are occupying and reducing the number of available sites, decreases the rate of absorption as time elapses. Moreover, repulsive forces between adsorbate molecules on the adsorbent surface and those in the bulk solution keep increasing (Wanyonyi 2011) .
Effect of amount of adsorbent on adsorption
The variation of the percent adsorption of 0.000025M methylene blue dye solution with the amount of PVAgelatin film (60/40 composition) is illustrated in Figure 19 .
Increased weight of the PVA-gelatin film is positively correlated with increased the percent dye removal/ efficiency. At equilibrium, the percent dye removal is 43% for 0.25g of PVA-gelatin film and 50% for 1.0 g. When the higher amount of adsorbent is used, binding/active sites become more available, thus increasing the adsorption efficiency. Wanyonyi (2011) and Shee (2011) has reported similar findings.
Effect of initial dye concentration
The adsorption kinetics is largely affected by the initial concentration of the adsorbed dye. This is due to the incorporation of driving force which is essential for overcoming mass transfer resistances that exist between molecules in both the aqueous and the solid phases. The adsorption of methylene blue onto 0.25g PVA-gelatin film was studied at three different concentrations, and the results are displayed in Figure 20 . Figure 20 demonstrated that dye adsorption is directly proportional to the initial methylene blue concentration. For a dye concentration 4mg/L, the equilibrium uptake of a 0.25g PVA-gelatin film is 9.5mg/g, and when the dye concentration increased to 6 mg/L, the uptake value is 14 mg/g. The correlation between dye adsorption and initial dye concentration is explained as follows. Increasing the dye concentration will increase the amount of driving force available to overcome resistances to mass transfer of the dye onto the film (Wanyonyi 2011) . It also means an increase in the number of dye molecules in solution, thereby increases the interaction between the dye and the adsorbent, which effectively increases adsorption. Shee (2011) , also reported similar findings in the adsorption of methylene blue dye onto mangrove bark, mangrove leaves, and coconut husks. Nevertheless, only a very little change in the percent of equilibrium is observed when the initial methylene blue concentration is elevated from 6 mg/L to 8 mg/L. Because the weight of the adsorbent remains the same throughout the time course, no change has occurred on the available binding sites. Therefore, at some point, all available binding sites are fully occupied by the dye molecules, so an increase in concentration will have no significant effect on adsorption.
